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(54) Plasma processing systems. 



(St) A reactive ion etching or magnetically enh- 
anced reactive ion etching system consists of a 
cathode support structure (12), a shield struc- 
ture (18) disposed around the cathode, an in- 
sulator (26) disposed between the cathode and 
the shield structure, and a clamping ring cap- 
able of mating with the top edge of the in- 
sulator. The insulator (26) has a generally 
cylindrical shape with a flange (28) that extends 
outward between the shield structure (18) and 
the clamping ring (14). A gap (24) between the 
damping ring and the top edge of the insulator 
is controlled to 20 thousandths of an inch or 
less to restrict an RF coupling path between the 
shield and the cathode. In addition, the flange 
acts to interrupt the plasma conduction path 
between the shield structure and the cathode. 
By inhibiting plasma conduction between the 
shield and the cathode, reactive ion etching 
systems in accordance with the present inven- 
tion operate in a higher pressure, higher power 
regime without arcing or exciting a secondary 
plasma. 
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The present invention relates to plasma-based process »W*£Z miconductor devices. Typically, layers 
EtchingoperationsarefrequenUyusedin hefor^ono ^ n ^^e»«n««*ndJBtor substrata, 

within device structures are formed by deponing a th,n f , m ^^J r ° m d by the photoresist 

formingaphotoresistmaskon^ 

^^:^^^^^--T^ R,E is per,ormed make 

ucTptcess ste^ compare with even the ^^^^^^m is repeated many times 
The process of forming a photons ,U .ask and ^^^.l^w impact on the proc- 

the reliability and predictability of etching P'° cesses - ma . ica||v enhance d reactive ion etching (MERE). 

Reactive ion etching, and the related a combination of physical 

removes that portion of a thin film ^ not pr^^a JS^SSlon etching processes, a chemical 
bombardment, chemical etching and chem.ca, de P^ n J"£^ 

etchantf rom a plasma created above the atch.no >u^"» » '^f^Xng the absorbed etchant species 
of the material to be etched. Ion bombardment V™^*^" ^™ * chants are typically chosen so that 
to a higher energy state and to accelerate the -rface read ^° n ' ~™ ther tnai / on the surfaces of the 
etching occurs predominantly at the exposed portions of the th.n surface of , ne device 

photoresist masK. Reacted materia, which ^ 

through a vacuum exhaust hne. An RIE systa Jjjy wa || s including the top lid. are typically 

erating a capacitrvely coupled plasma. ^f^'^^^Z region , n whic h a plasma is generated, 
grounded in such a system to define the extent ^ ^^^^^ the operational pressure 
Optimizing the reactive ion etch '"9. e ™" chemistry, orother. 

within the etching chamber. When chlonne chem.st (•■»-. ' ^™ 0 ^^ , r . lllUvely hlgh pressures (between 
similar chemistry is used in the etching system it ,s desua * ^ ef Lt s of physical bombard- 

about 100 milliTorr and about 250 milliTorr) to obta «^ a ™ NFj , are used, lower pressure 

ment and chemical etching. When chem.cally strong etchante. such a SFs * wjthin the plasma 

operation is desirable. Higher operating ^^.^J^J many circumstances, higher 
a nd the rate of transport of etchants to ^^^J^^SSi^ the materia, being etched, 
operating pressures may improve the ^^^^ ^^Tp^r input to maintain a suitab,e DC 

^^^^^^^^^ Uer stebi,ity and reduced e,ch re ' 

The "isolated cathode" structure uses a to the ca ' hode m3y C ° UP ' e 

though this cathode structure .. s-mp.e ^^J^^J^ p | as ma. Asecond type of cathode 
to the chamber wall through vacuum, g.v.r* ^^T^^^ 0 f the etching system. In typical im- 
structure places a shie,ding structure between *• ™™ * om of a grou n de d cylinder, is piaced 

plementattons of this "shielded cathode" des.gn, a sh,eld typ ca I ym the torn g ^ ^ 

around the cathode. An insulating cy,inder. also ^^^'f^Ly plasma between the ca.h- 
, cathode from the shield. The grounded sh,ed prevents th e creahon of a sea, yp ^ 
ode and the walls of the etching chamber. Under some cond "high RF input power 
RF-powered cathode and the between the powered 

often causes arcing, probably because of the high pote nhal *opove . power 

the generation of a secondary plasma. 
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Another preferred embodimentofa^^^ 

includes a cathode coupled to a W^^^^ZZZ* structure can be maintained at an elec- 
is disposed adjacent to at least a port.cn of the cathode and the s ^ and {he 

trica'potentia. different from the cathode. ^^^Zls^Z either a surface of the cathode or 
shie ,d structure so that an edge of the ^^J^^^J^ a cap disposed upon it so that the 
an edge of the shie.ding structure -J^^^S^ the shield structure and the cathode. Af lange 

and the shield structure is ^intamed a, an^ electnca po enh* ^ rf ^ |ns(jlating re 

ture is disposed between the cathode a h n ^ t ^; a 3 dQ S ' r " f C the snielding structure. A cap structure ,s disposed 
tends beyond either a surf ace of the cathode , o r an edge of he sh e, g ^ ^ ^ ^ se 

adjacent toan edge of the cathode and ,sf rtted ^ l ^' n ™ 9 a secondary plaS ma is not generated within said 
from the insulating structure by a suff .ciently th n gap ~ thrt - ^ V P d embodirnent , a gap 

^another preferred embodiment ^^^^^^^^t^ 
power source capable of exciting a plasma . A shie d st ^^J^ different from the cathode. An insu- 
cathode. and the shield structure ,s ^-ntained at ^^^^^ so th at a n edge of the insulating 
.ating structure is disposed between the «t"ode^d the shield ^ ^ Mg 

at °^^™:^X^^ — ° f - — • reference bein9 made to 

vention: and , . . . _~ rrir Hsinre with the present invention. 

Fig 4 is a cross section of a reactive ion etchmg system »^ n ^™ an d magnetically enhanced 
The present invention generally relates »<£^£?^ ^collectives referred to herein 
reactive ion etching (MER.E) systems. ^ ^.E^^Splcally unable to maintain the higher oper- 
as reactive ion etching (RIE) systems. Prior art R ^.^^.iw improved etching rates, improved selectivity, 
ating pressures that are desirable for w^t is believed to be the primary mechanism 

and reduced residue levels. The present inventor ha denu «d wh ^ g mech . 

for electrical breakdown in the shaded ""^^ton so as to allow ionized gas to flow between 

anical fitting becomes sufficiently loose dunng norma ' lengthening or restricting the 

the system cathode and a grounded ^l^^^ conduct electricity, the likelihood that break- 
path along which the ionized gas («.*., the plasma) hig her pressure operation in a shielded 
down will occur by this mechanism xan b °^^ 

cathode RIE system. In a preferred ^'™ nt * * e JEnT low awa y from the norma, conduction path be- 
interrupted by extending an insulating lange to divert P£™^» m y bo<jiment of tne present invention, the 
tween the cathode and the shield ng be tween the insulating structure and the 

plasma conduction path is restncted by re ^'" 9 ^st^e n ptace By substantially improving the machining 

ing substrate 10 disposed on a support s '^ e : 2 e ^° S h t i substrate is preferably mounted in a temporary 

wafer at some intermediate stage of processing. The .etching su re ^ ^ gn e|ec . 

but rigid manner with respect to the support s ' ruc ' u ^ b ^ ' large electrostatic attraction between 
trosta'tic chuck that holds the etching su ^ 
the dielectric etching substrate and a charge esteb shed I w.t 

ing substrate may be held in place by a clamping ""fl ^ ^ ag a 9 cathode for the etch ing system. 

During etching operations, the support st ucture J 6 (f a „ tne lid) of the etching chamber, but 

Generally, the anode for the system is pnmanly the upper surface < 
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the etching chamber are preferably grounded In operat,on a mc e ul ar g Rp ^ ^ 
or CF 4 is introduced to the reg.cn between the cathode J 2 ana t ^ gas _ partja||y 

applied to the cathode 12, so that the RF P^«^* w ^^%2 to choaan so that it ionizes to yield an 
or completely ionizing the gas to create a plasma. ™« ^^^^ the etching substrate 10. The 
etchant species that is suitable to etch he of the lid 1 6 and walls 1 7 of the 

difference between the surface area f^^^^^ system's RF circuit is asymmetric, 
etching chamber (collectively the systerr ^^^^^JJ^an^.B^^^^ 
Consequently, when RF power ,s applied to the ca thode ^V*^ T '^.sTowarci the etching substrate. An additional 
DC bias is typicaliy negative and tends to acc*lera e pos ^°^^^J lbe etching subs trate 10. 
DC field may also be applied to further onrced etchant £ , etchant to the surface 

° fth Hi^^ 

densityplasrr^orahighionizationlevelr^ 

for etching must be contained within a well-def mad region of ^»™« even if powerf ul RF gen - 

q ua.e,y contained, there may be >"-^««^ the ornTon 7 stb.e plasma, a number of measures 
erators are used to excite the plasma. To facilitate th e f o mat* no h f ^ 

are taken within the processing environment to ^"^^^^^^ 12 are spaced closely 
to create the plasma. Often, the lid 16 of he .^'^ h ^* '^"^ For example, a ring 8 may extend 

1 ln shield cathode R.E systems, the RF ^£^1^ 
vent power dissipation in ways that do not c.ntr, u* to ^^^^^^ mfpanMm 
such containment is illustrated in F,g. 1. Ash.eld *^ u ™ disDOSed as closely as possible to the 

12 to contain the RF driving field. The shield structure J8 ,s ty^ ^^^^^^^e shield structure 
cathode substructure 12and is generaHy ma.nta.n^d ^9;°^^°^^ T he olo S « proximity of the shield 
, 1 8 also acts, to some extent, as an anode for the react v no n a ^^J,^ g Ls from the plasma, 
structure 1 8 to the cathode support structure 2^^^^ 

insulatorZOisdisposedbetweenshield^ructure^ insulating prQperties of 

insulator 20 is formed from quartz because of the J"™"*- 9 ceramics as alurnina . Fo rthe ge- 

quartz. Other dielectric materials can also be used '"clud.ng such ™ |n addition to providing 

ometry shown in Fig. 1 . the dielectric insulator 20 has a cy ^ s P tructure 12 . it is typical to 

» a dielectric insulator 20 between the sh,e d structure 18 and tM ^ ^ shjelQ slmcture 18 and 

use a close fitting cap over the dielectnc inauta tor 20 to f urthe rtaj W d rjng u 

the cathode support structure 12. For *>^^ n ^'^^££™to the edge of the die.ectric in- 
may be formed with a groove having a ^^^^^^m^ '"-trated in Fig. 1 is shown 

structure 12 and damping ring 14 . Achanne 22 hav, £ ^^^^ structure 1B and the edge 
U to fit over the edge of the d.electric -™'»* r » °*™**L e of , he dielectric insulator 20. Using the 
so of the cathode 12. The channel 22 ,s designed to fit around the electrically isolating the 
clamping ring 14 as an end cap for the dielectric .insula or M .„ |eft betwe en the chan- 

shield structure 18f rom the cathode su PP or ' s ' ructur ° ring 14 to the dielectric insulator 

nel2 2 andtheedg e ofthedie,ectricin S ulator20u^^^ 

20. generally has not been well «nt»W «■ ^^^o nd 60 t ousands of an inch. 
55 ^Del^a^^ 
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oressures above about 150 milliTorr results in plasma instability and arcing in existing shielded cathode , de- 

™X SiSZSS RF povLr leve" fw a number of different o pera t,ng pressure, E = or three 
Trials were made at each combination of ,nput RF power and operating pressure. Typical DC biases for non 
Lin, TcondTons are between -300 V and -500 V. The shaded boxes indicate tna.s ,n which arcng was ob- 
served within the 50 second trial period. 
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TABLE 1 

PC BIAS (Volts) - PRIOR ART CON FIGURATION 
RF Power Input to Target 




Previous efforts have been unable to improve upon the performance indicated ,n Table 1 .The Presentin- 
^ntL hTLn^fied what is believed to be the most common breakdown path in existing sh.elded cathode 
ZleTon etoninc systems % reducing the likelihood of electrical breakdown along this path the present 

has achieved stable operation at considerably higher operating pressures and has achieved greater stability 
at those Dressures than has been obtained with existing reactive ion etching systems. 

The ^senUnventor has observed that in existing shielded cathode etching systems, the shield structure 
1 8 is inLfftcien ly Instated from the cathode support structure 1 2, giving r,se to the arcng and plasma bmak- 
dow^ indSed in Table 1 The present inventor has determined that, desp.te the presence of an insulating 
I" tureTo and the Presence of an isolating clamping ring structure 14, elec.rica, breakdown occurs in 

0^ 24 may open further during the normal operation of the reactive ion etch.ng system due to the differential 
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beieenTr^hode a n n 3 d the shield" draining the input RF power away from the primary plasma and caus.ng 

4,16 C^Sl^^ to reducing the possibi.ity of eiectrica. conduction between the shield 
strulture' 8 and the cathode support structure 12. A preferred embodiment of the , present .nvent.on ,sjHu- 

wmmMmm 

ring 14 wh^ch is disposed away from the plasma excitation region, no secondary ^ a ^ d ^ 
3 ^ 5 «ved performance achieved by an R.E system in accordance with the present 
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. a ■* Ta hi» 1 Table 2 shows the level of DC bias (in Volts) induced on the cathode for a variety 



TABLE 2 



DC BIAS (Vo lts) •- PRESENT INVENTION 

RF Power Input to Target 




By modifying the reactive ion etching sysfcm in -^^^S^^ZS^ 
sures can be maintained in the process.ng chamber. °" ™ a W j de range of input powers. 

Fig- 4 nave demonstrated stable operation at 9- ^ stable op- 

This represents a marked .mprovement over the system '»» t ^2^ ' a|lows reactive ton etching 
eration only at P«™ *^ in the density of ionized 

systems to operate w,th h Qher plasma powe ™^ M ation at input pow ers of up to 950 

gas. For example, the system illustrated by F,g. 4 demonstrate^ s ao w d b| ope ration 

Watts at gas pressures as hfch as 300 mi.liTorr. By contrast, the F*. 1 *^"™ n|ng sucn ni9her 

only up to about 600 Watts of input P^^^ present invention is 

more stable etching process. reference to specific preferred embodiments thereof, 

a given situation without departing from its essent.al teachings. 
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Claims 



An etching system defining a controiled subatmospheric environment containing ionizable gas, and for 
~ "I ^Z^^^S^e W -,uency power source and capabie of e X - 
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allow the generation of a secondary plasma within such a path. 

> -™^^ 

3 An etching system as claimed in Cairn , or Cairn 2, wherein the thickness of any said gap is limited to 
fess than about twenty thousandths of an inch over at least a portaon of sa,d part. 

of less than about 250 milliTorr. 
5 An etching system as in any of claims 1 to 3. wherein the environment is maintained at a pressure within 
The range of greater than about 150 milliTorr to about 300 m.lhTorr. 
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An etching system as claimed in daim 5, wherein the power input by said high frequency power source 

to said cathode is in excess of 600 Watts. 
An etching system comprising: 

assembly having a projecting port,on extend.ng ■« be tween said insulating as- 

said at least a portion of said gas conduct.on path. 

The etchingsystemasCaimed in CaimB, wherein the thickness of at. east a portion of said gas conduction 

path is less than about twenty thousandths of an inch. 

The etching system as Calmed in any of Cairns 7 to 9. wherein said -— assembly substantia,* 
Locks said gas conduction path between said shield structure and sa,d cathode. 
The etching system as Calmed in any of Cairns 7 to 10. wherein said insulaUng assembly acts to divert 
laid gas conduction path through a region having a low dens.ty of ,on*ed gas. 

,, mori in anv of caims 7 to 11, wherein said insulating assembly comprises a 

II^S^ S3 22£ — - — said projecting portion of said insu,at,n9 

assembly has a generally rectangular cross section. 

Theetching system of claim12whereinsaid projecting portion of sa W insulating assembly extends beyond 
loth the perimeter of sad cathode and the perimeter of sa,d sh,e,d structure. 

14 An etching system comprising: 



9. 



10. 



11. 



12. 



13. 
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a plasma in region adjacent to said cathode, saj<) shie|d struc . 

^sr:c=2K^-*-----" , * ,,,-,,,, " ,, ~ 

"."cp — d*— *»™ » . : «*• °< »« »r» i.c2£S sx'S 

at operaUng pressures in excess of 1 50 milliTofr. 

««.-««—-»«—' — — 

said edge of said insulating structure. 

tangular cross section. 

* . 14 to 17 wherein said edge of said insulating structure 
of an inch. 

, • «, in anv of claims 14 to 19, wherein said cap structure comprises a damping 

20 of said during an etahin9 

, ■ h n anv of claims 14 to 20, further comprising a flange extending from sa,d 

quartz. 

25. A shielded cathode etching •^f OT ^ a = source capable of exciting a plasma; 
ating pressures of 150 millTorr or greater. 
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26. 



27. 



Watts. 
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said cathode and said shield structure. 

shield structure. 

path has a width smaller than a threshold width. 

30 Ashieidedcathodeetchin^ 

path has a width smaller than about twenty thousandths of an ,nch. 
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